Because of the high prevalence, diabetes is considered a global health threat. Hence, the need for effective, cheap, and comfortable therapies are highly felt. In previous study, a novel oligosaccharide with strong anti-diabetic activity in the crude extract of Rosa canina fruits, from the rosacea family, was identified. The present study was designed to ensure its efficacy using in vivo and in vitro studies. Experimental approach: Crude extract and its purified oligosaccharide were prepared from corresponding herb. Adult male Wistar rats were randomly divided into four groups of 10 each, as follows: group 1, healthy control rats given only sterile normal saline; group 2, diabetic control rats received sterile normal saline; group 3, diabetic rats treated with crude extract of Rosa canina (40% w/v) by oral gavage for 8 weeks; group 4, diabetic rats treated with purified oligosaccharide of Rosa canina (2 mg/kg) by oral gavage for 8 weeks. After treatment, body weight, fasting blood glucose, serum insulin levels and islet beta-cell repair and proliferation were investigated. The possible cytoprotective action of oligosaccharide was evaluated in vitro. The effect of oligosaccharide on apoptosis and insulin secretion in cell culture media were examined. Real-time PCR was used to determine the expression level of some glucose metabolism-related regulator genes. Findings / Results: In the animal model of diabetes, the insulin levels were increased significantly due to the regeneration of beta-cells in the islands of langerhans by the purified oligosaccharide. In vitro cell apoptosis examination showed that high concentration of oligosaccharide increased cell death, while at low concentration protected cells from streptozotocin-induced apoptosis. Molecular study showed that the expression of Ins1 and Pdx1 insulin production genes were increased, leading to increased expression of insulin-dependent genes such as Gck and Ptp1b. On the other hand, the expression of the Slc2a2 gene, which is related to the glucose transporter 2, was significantly reduced due to insulin concentrations. Conclusion and implications: The purified oligosaccharide from Rosa canina was a reliable anti-diabetic agent, which acted by increasing insulin production in beta-cells of the islands of Langerhans.
INTRODUCTION
Diabetes mellitus is a metabolic diseases generally characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both. This hyperglycemia eventually leads to damage of various organs, especially the eyes, kidneys, nerves, heart, and blood vessels. It is caused by several pathogenic processes such as autoimmune destruction of the beta-cells of the pancreas and insulin resistance (1) . Estimations showed that there were about 451 million people with diabetes worldwide in 2017 and approximately 5 million deaths attributable to it. It is predicted that the incidence of diabetes will increase to 693 million by 2045 and half of them (49.7%) will be undiagnosed (2) . Currently, the main treatment option for diabetes is the use of insulin and hypoglycemic drugs, but these compounds also have many adverse side effects (3) . Despite recent advances in the field of anti-diabetic drugs, this disease is still associated with high mortality. Considering the global statistics of diabetes, it seems necessary to develop new strategies for its treatment.
Over the last decade, there has been an increasing interest in the use of herbal medicine for the management of diseases such as cancers and diabetes (4) . It is reported that up to 72.8% of people with diabetes used herbal medicine (5) . Ethnobotanical information indicates that more than 800 plants are used as traditional remedies for the treatment of diabetes (6) .
Rosaceae family is a group of plants with the hypoglycemic effects (7) . From this family Rosa canina has been suggested as a strong anti-diabetic natural remedy in traditional medicine. In addition, a number of studies reported the hypoglycemic and antidiabetic activities of Rosa canina fruits extract (8) (9) (10) (11) (12) . The results of a clinical trial about the impact of the administration of aqueous extract of Rosa canina fruits on patients with type 2 diabetes indicated the reduction of fasting blood glucose and serum total cholesterol/high density lipoprotein-chlosterol without any side effect in patients (8) . Also, a significant hypoglycemic effect was observed in streptozotocin (STZ)-induced diabetic rats (9) . In another study, the intraperitoneal administration of hydroethanolic extract of Rosa canina fruits to alloxan-induced diabetic rats, decreased serum levels of glucose, low density lipoproteinchlosterol, triglyceride, total cholesterol, urea, uric acid, creatinine, and alkaline phosphatase, and at once increased serum high density lipoprotein-chlosterol levels (10) . Study of the anti-diabetic and anti-hyperlipidemic effects of Rosa canina fruits extract in STZ-induced diabetic rats showed a significant reduction in both serum glucose and triglyceride levels.
Furthermore, there was remarkable improvement in islets necrosis in diabetic rats treated with Rosa canina fruits extract (11) . An in vitro study proposed that the anti-diabetic effects of this plant might be related to the enhanced proliferation of pancreatic beta-cells (12) .
In the present study, the mechanism of action of Rosa canina extract and its purified oligosaccharide in managing diabetes mellitus was evaluated.
MATERIAL AND METHODS

Plant collection and preparation of crude extract
The ripe fruits of Rosa canina were collected and the crude extract and its purified oligosaccharide were prepared according to the US Patent by Bahrami Gh, (9296831, March 29, 2016) .
Animals and experimental protocol
Adult male wistar rats (initial weight: 320-350 g) were purchased from Pasteur Institute of Iran (Tehran, I.R. Iran) housed and maintained at a constant temperature of 24 ± 1 °C with a relative humidity of 55% and standard 12/12-h light/dark cycles. They had free access to standard food and tap water for a week before experiment.
A single intraperitoneal injection (45 mg/kg) of STZ (Sigma Ltd., USA), dissolved in cold normal saline, was used for induction of diabetes mellitus in the rats. Sterile normal saline was injected to nondiabetic rats. Diabetes was confirmed by measuring blood glucose levels 48 h after injection. Blood glucose was measured by glucose oxidase method using a glucometer (Gluco Dr, South Korea) and rats with a blood glucose level above 250 mg/dL were considered diabetic. Then, the rats were randomly divided into four groups of 10 each, as follows: group 1, healthy control rats given only sterile normal saline; group 2, diabetic control rats received sterile normal saline; group 3, diabetic rats treated with crude extract of Rosa canina (40% w/v) by oral gavage for 8 weeks; group 4, diabetic rats treated with purified oligosaccharide of Rosa canina (2 mg/kg) by oral gavage for 8 weeks (13) .
Measurement of insulin and fasting blood glucose
After 8 weeks, the fasting blood glucose was measured using a glucometer (Gluco Dr, South Korea) and blood insulin was measured by a rat insulin enzyme-linked immunosorbent assay (ELISA) kit (insulin ELISA kit, Ab100578, Abcam, Cambridge, UK) according to their manufacturer's protocol. Blood samples were collected from the rat's tail vein.
Immunohistochemical technique and hematoxylin-eosin staining
At the end of experiments, the rats were anesthetized with ether and sacrificed. Tissue samples were taken from the pancreas and then fixed by 10% buffered formalin. Alcohol dehydration process was performed automatically in tissue processing machine. Subsequently samples were embedded in paraffin using routine procedures. Paraffin embedded tissues were cut with microtome at a thickness of 3 μm and then deparaffinized in xylene and rehydrated through graded ethanol. They were stained with insulin antibody according to Dako (Denmark) immunohistochemical kit protocol and quantitative evaluation was performed to detect the repair and increase islet beta-cells. Also, they were stained with hematoxylin and eosin and examined for islet beta cell repair and proliferation.
Cell culture
The RIN5-F cells, prepared from the Cell Bank of the Iranian Biological Resources Center (Tehran, I. R.Iran) were transferred to flasks containing Roswell Park Memorial Institute (RPMI) and 15% fatal bovine serum (FBS), incubated at 37 °C with 5% CO2 and 95% humidity. After 24 h, the morphology of the cells was checked by light microscopy and the new medium was added to the cells. After this, the culture medium was changed every 24 h.
Dose optimization with viability assay
The cells were cultured in 96-well plates (15 × 10 3 cells/well) and then, incubated with various concentrations of oligosaccharide (1, 5, 10, 15, 20, 30, 40, 60, 80, 100, 200 , 400, and 800 μg/mL) for 24 h. Also, the cells were treated with STZ at 10-80 mM, which was dissolved in cell culture medium, and incubated 24 h. After that, the viability of the cells was evaluated using MTT assay (11) . The IC50 value of STZ was determined by nonlinear regression using GraphPad Prism 5 (GraphPad Software Inc, San Diego, USA).
Protective effect of oligosaccharide on STZ-induced cytotoxicity
The cells were cultured in 96-well plates and treated with optimal concentrations (1, 5, 15, 30, and 60 μg/mL) of oligosaccharide and IC50 value of STZ at different periods of incubation. In the pre-treatment study, cells were first incubated with different concentrations of oligosaccharide for 5 h. Then, medium was removed and replaced with fresh medium containing STZ and incubated for 24 h. In simultaneous treatment study, the cells were incubated with medium for 5 h, and then oligosaccharide and STZ were added simultaneously and incubated for 24 h. In posttreatment the cells were treated with STZ for 24 h. Then, medium was removed and replaced with fresh medium containing oligosaccharide and incubated for an additional 5 h. At last for all treatments, MTT assay was performed.
Apoptosis induction effect of oligosaccharide
The cells were plated in a 24-well plate (7 × 10 5 cells/well). After attachment, cells were treated with oligosaccharide (80, 100, 200, 400, and 800 µg/mL) as described above. For observation of the intact, apoptotic, and necrotic cells under the fluorescent microscope, acridine orange/ethidium bromide (AO/EB) double staining (AO/EB dye containing 100 μg/mL of AO and 100 μg/mL of EB in phosphate buffered saline) was performed. The cells were observed under a fluorescent microscope (14) .
Insulin secretion assay
RIN-5F cells were cultured in 24-well plates. After attachment, the medium was removed and replaced with fresh medium with and without glucose (20 mM) supplemented with purified oligosaccharide (30 µg/mL) and glibenclamide (100 µg/mL). After 6 and 24 h, the medium of all wells were collected to determine the concentration of insulin with the ELISA kit according to the manufacturer's instructions. The insulin secretion levels in treated cells were compared to the normal cells (15) .
Real-time polymerase chain reaction
The effects of purified oligosaccharide (30 µg/mL) on the expression level of some genes involving in production, secretion, and regulation of insulin were analyzed by real-time polymerase chain reaction (RT-PCR). After 6 and 24 h treatment total RNA from cells was extracted by total RNA isolation kit (DENAzist, Tehran, I.R. Iran) and complementary DNA (cDNA) synthesis was carried out using cDNA synthesis kit (Vivantis Technologies, Selangor DE. Malaysia). RT-PCR was performed using SYBR Premix Ex Taq technology (TaKaRa Bio Inc., Otsu, Shiga, Japan) on the Applied Biosystems StepOne RT-PCR system. Glyceraldehyde 3-phosphate dehydrogenase (Gapdh) was served as an internal control and the fold change in relative expression of each target mRNA was calculated based on comparative Ct (2 -ΔΔct ) method (15) . The primers sequences, purchased from Qiagen, are provided in Table 1 .
Statistical analyses
All of the experiments were repeated at least three times independently. The data are presented as mean ± standard deviation (SD). Statistical evaluation was performed using one way analysis of variance (ANOVA) with SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) software, and differences were considered not significant when P > 0.05.
RESULTS
Effect of oligosaccharide on weight, blood glucose, and insulin levels
The weight changes of rats were subtle ( Fig. 1A , P < 0.01). Fasting blood glucose showed a significant decrease in crude extract of Rosa canina and purified oligosaccharide groups (P < 0.01) (Figs. 1B and 2A). Figure 2B showed the changes in blood insulin levels (usually a function of the amount of production and secretion from the pancreas) in healthy, diabetic, and treated rats. The mean of blood insulin level of rats with STZ injection was lower than normal rats (P < 0.01). Decreased insulin levels in STZ-induced diabetic rats were probably due to injury of beta-cells and reduction of secreted insulin by these cells. On the other hand, symptoms of diabetes mellitus in rats were disappeared completely after 8 weeks of purified oligosaccharide reception. The results showed that the blood insulin levels were higher in rats treated with oligosaccharide relative to the STZ-induced diabetic group. Significant (P < 0.01) increase in blood insulin in the oligosaccharide recipient diabetic group compared to diabetic group indicated the ability of oligosaccharide to elevate blood insulin levels.
Effect of oligosaccharide on beta cell in the islands of Langerhans
Pancreatic tissues of rats were isolated at the end of 8 weeks, stained with two methods of hematotoxin and eosin and insulin specific antibody ( Fig. 3) and examined by light microscopy at magnification of 10 and 40. Islet counts with both staining methods had the same results and showed a significant increase in the mean number of islands by both treatments (P < 0.01). As can be seen in Fig. 3 the islets of Langerhans were approximately 2.5-fold larger in rats receiving both STZ and crude extract than rats receiving STZ alone. A 4-fold increase in the volume of islands was observed when rats treated with oligosaccharide compared to crude extract.
Effect of oligosaccharide on cell viability
STZ significantly reduced cell viability in a dose-dependent manner (P < 0.01) and caused at least 50% cell death at the concentration of 20 μg/mL used in the experiments (P < 0.01). The treatment of the RIN5-F cell line with different concentrations of the oligosaccharide showed that up to 40 µg /mL no significant effect on cell death was observed (P > 0.05) and at concentrations of 40 and 60 µg/mL the number of living cells was significantly increased (P < 0.05). However, in concentrations higher than 80 µg/mL, a significant decrease in the number of living cells was seen (P < 0.01, Fig. 4 ).
RIN5-F cells were exposed to higher concentrations of the oligosaccharide, because in order to introduce a therapeutic agent, its toxic effects should be tested. The concentrations higher than 100 μg/mL exerted a dose-dependent cytotoxicity on the cells, and the concentration of 800 μg/mL caused 75% cell death. The IC50 value of oligosaccharide was 376 μg/mL.
In co-treatment test, the simultaneous presence of oligosaccharide with STZ had a significantly better effect on cell viability than the other two conditions (P < 0.05). If oligosaccharide was added after STZ, it would have the least protective effect on the cells compared to the other two groups. When oligosaccharide was added to the culture medium before STZ intermediate cell viability was observed. Therefore, it seems that the simultaneous presence of both oligosaccharide and STZ had the most, and the addition of oligosaccharide after STZ had the least protective effects on the cells (Fig. 4) . 
Effect of oligosaccharide on apoptosis
As indicated by the color of the cells (Fig. 5 ), in treated groups some cells were in the pre-apoptotic stage and some were in the apoptotic stage and at 800 μg/mL, most of the cells were apoptotic and dead. Therefore, apoptotic cell death was increased in a dose dependent manner.
Effect of oligosaccharide on insulin secretion
Under normal glucose conditions, same as treatment with oligosaccharide and glibenclamide, insulin levels in the medium were significantly increased (P < 0.01). However, the presence of too much glucose in the medium the amount of insulin secreted was increased. However, the addition of oligosaccharide and glibenclamide did not significantly affect insulin levels (P < 0.01, Fig. 6 ).
Effect of oligosaccharide on gene expression:
In the present study, expression of Ins1, Pdx1, Ptp1b, Gck, and Slc2a2 genes in oligosaccharide-treated cells was also evaluated. These genes play important roles in insulin synthesis, the control of glucose metabolism and its transfer into the cell. Expression of Pdx1, Ptp1b, and Gck were increased after 6 and 24 h treatment with oligosaccharide compared to their corresponding control, whereas Slc2a2 gene expression was significantly decreased by about half compared to control group (P < 0.05) (Fig. 7) . Ins1 gene expression was significantly increased in the first 6 h but in the next 24 h was significantly decreased (P < 0.05) (Fig. 7) , which is consistent with the results of insulin measurements.
DISCUSSION
The findings of this study showed that oligosaccharide isolated from Rosa canina fruits had an anti-diabetic effect. Numerous studies have shown that plants derived polysaccharides, flavonoids, glycoproteins and polypeptides, steroids, alkaloids, and pectin can have hypoglycemic and hypolipidemic properties and are effective in treating diabetes (16) (17) (18) (19) (20) . Most studies have used STZ injection to induce diabetes. It enters beta-cells by binding to glucose transporter 2 (GLUT-2) and destroys these cells (21, 22) . The effect of STZ is determined by changes in blood glucose levels in animals. A marked increase in blood glucose confirms the induction of diabetes and the effect of STZ.
The crude extract was gavaged to STZ-diabetic rats. Measurements of weight and blood glucose before and at the end of the treatment showed that there was no significant changes in body weight after crude extract administration, whereas the glucose levels of the treated groups with the crude extract of the fruits were reduced compared to control. Rosa canina are readily available and abundant; it can reduce the cost of producing oligosaccharide-based anti-diabetic drugs.
Since we intended to investigate the action mechanism of the pure active ingredient, the oligosaccharide was isolated using the method already described by Bahrami et al. (13) . The use of pure entity allows for accurate and reliable assessment of any observed biological activities. Gavage of the oligosaccharide had similar but stronger effects than crude extract. Thus, without altering the body weight of the rats, it decreased blood glucose in the diabetic rats. This indicated that purified oligosaccharide is likely responsible for the anti-diabetic properties of the extract by lowering blood glucose. Decreased blood sugar of rats treated with oligosaccharide may be due to reduced sugar uptake, glucose biosynthesis, release of stored glucose, or increased glucose metabolism, storage of glucose in body organs such as liver and muscle, and the production or secretion of hormones such as insulin. Since insulin is the most powerful regulator of glucose metabolism, its levels were measured in rats. Insulin levels in normal rats (without oligosaccharide or STZ), after STZ injection and after oligosaccharide with STZ injection showed that STZ significantly reduced blood insulin levels compared to the control group. However, long-term use of the oligosaccharide significantly increased blood insulin levels compared to the STZ recipient group. Since this oligosaccharide has a significant effect on animal blood insulin levels, its effect on pancreatic islets was investigated. The number of these islands increased significantly after treatment with oligosaccharide. Thus, the increase in blood insulin levels appears to be due to an increase in the number of islets of the pancreatic and its beta-cells. On the other hand, a qualitative examination of the size of the islands under the microscope also confirmed this conclusion. An increase of 2 to 4 folds in the size of the islets indicates an increase in the number of beta-cells.
Other study have shown that berberin had a protective effect on diabetes through increased insulin secretion, beta-cell regeneration, increased anti-oxidant enzyme activity, and decreased protective effect of lipid peroxidation (23) . Ethanolic extract of Salvia hypoleuca had significant hypoglycemic effect in diabetic rats. Histological studies on the pancreas of diabetic rats treated with this extract also showed pancreatic beta-cell regeneration. These cases provide promising results to restore beta-cell function (24) .
Data of in vitro tests showed that oligosaccharide up to 20 μg/mL did not affect cell viability, and at 30 μg/mL significantly increased cell viability and enhanced cell proliferation. Cell proliferation was increased up to 60 μg/mL and the concentration more than that showed a toxic effect and induced cell death.
The oligosaccharide increased insulin secretion from cells similar to glibenclamide. Oligosaccharide concentrations above 60 μg/mL caused cytotoxic effect, leading to induction of apoptosis in a dose-dependent manner possibly due to increased insulin production/secretion levels upon cellular consumption. In addition, glucose at 20 mg/dL caused insulin production/secretion similar to that produced at 30 µg/mL of oligosaccharide. This amount of glucose or oligosaccharide caused an increase in production/secretion of insulin, which may lead to a programmed cell death (apoptosis). In fact, although optimal concentration of insulin induces apoptosis by the Pdx1 gene and ERK and PI3K proteins, its high concentration induces apoptosis by an unknown mechanism, which is also dependent on glucose concentration (25) . Simultaneous administration of oligosaccharide with STZ had the most protective effect, indicating that STZ-induced cell death was inhibited in the presence of oligosaccharide. Since STZ exerts its effect through nuclear factor kappa B (NFkB) activation (26) , it is likely that oligosaccharide inhibited the STZ effect through a multifactorial process. This may include enhancing the transcription of genes related to glucose metabolism or inhibiting NFkB-dependent processes by increasing insulin production since insulin is a potent inhibitor of NFkB through the Raf-1 pathway (26) .
On the other hand, because the activation of NFkB and the pathways leading to apoptosis by STZ are irreversible, addition of oligosaccharide had a minimal effect on cell viability after STZ treatment. Also, the addition of oligosaccharide prior to STZ is probably less effective than simultaneous administration due to the destruction of the oligosaccharide or its metabolism. Therefore, it seems that the best time to consume oligosaccharide is in the early stages of diabetes. In a previous study the effect of Rosa canina purified oligosaccharide on diabetes related gene expression of male rats was studied. It was observed that the expression of Pdx1, Ngn3, Nkx6.1, and insulin genes were significantly increased in the treated samples compared with the diabetic samples. However, in beta-cells, this increase in insulin expression was significant. On the other hand, the pancreas of animals has been studied pathologically to investigate the effect on beta-cell regeneration. Pathological data showed the improvement of this tissue after treatment. Pdx1 is required for human pancreatic development. Pdx1-expressing cells, as pancreatic precursor cells, can produce all types of pancreatic cells, endocrine, extracellular, and ductal cells (27) .
Pdx1 is essential for the expression of insulin, somatostatin, peptide amyloid, glucokinase, and GLUT-2 in adult. The Pdx1 transcription factor regulates the expression of these genes by binding to the promoter region of the insulin-glucokinase and glucocortin-2 genes (28) . It has been shown that depletion of insulin and GLUT-2 mRNA due to cell aging is reversed by treatment with glucagon-like peptide-1 (29) . Data showed that the expression of Ins1 and Pdx1 were markedly increased, suggesting that the the effect of oligosaccharide is possibly mediated by increased insulin production. On the other hand, Gck gene expression was also increased, indicating an increase in intracellular glucose concentration, which occurs naturally because of increased insulin levels due to the SREBP1c protein (30) .
The effects of various medicinal plants and type 2 diabetes, as well as the cytotoxic effects of various compounds such as STZ, alloxan have been studied using RIN5-F cells. In addition to reducing the number of betacells, these cells show impaired function and lowered insulin production in diabetes (31) (32) (33) . Therefore, by evaluating the expression of genes involved in the function of active beta-cells or important markers of active beta-cells, a proper assessment of the status of beta-cells in terms of their activity or functionality can be obtained. In this study, we investigated the effect of oligosaccharide on mRNA levels of insulin (Ins1), glucokinase (Gck), and GluT2 (Slc2as), which are active beta-cell markers. The increased expression of the mentioned genes indicated that the plant oligosaccharide increased the number of functional and activated cells.
Ptp1b was the other gene examined in this study. Its expression was increased by oligosaccharide. Previous research has shown that transforming beta-cells into ductal epithelial cells occurs when cellular signaling pathways such as Akt become activated (34) . Since there is an inverse association between Akt activity and Ptp1b gene expression, increased expression of this gene may reflect the conversion of non-beta cells into betacells. On the other hand, increased expression of Ptp1b gene is a concentration-dependent negative regulator of insulin (35) . Increased expression of the insulin gene increases its intracellular concentration due to the restriction of its transport and outward secretion; it also increases Ptp1b expression with negative regulation. Slc2a2 gene expression, which is related to the GLUT-2, was also significantly reduced. This transporter is the major glucose transporter into the liver, and unlike GLUT-4, it is not insulin dependent. Therefore, because of the negative regulation of GLUT-2 gene expression by insulin, GLUT-2 gene expression decreases by increasing insulin gene expression and its intracellular high concentration (36) . In addition, with the increase in insulin levels, the GLUT-4 transporter further mediates glucose transport.
CONCLUSION
We attempted to investigate the possible mechanism of a purified oligosaccharide on the cellular and molecular dimensions. It significantly reduced blood sugar levels in STZ-diabetic rats. Blood insulin measurement showed that blood insulin level was significantly increased in treated rats compared with control due to pancreatic islet beta-cell regeneration. A similar effect was observed on the insulin in culture media of RIN5-F cells after treatment with purified oligosaccharide. Evaluation of cell apoptosis showed that high concentrations of oligosaccharide might induce apoptosis due to overproduction of insulin. Molecular analysis revealed that oligosaccharide increased the expression of Ins1 and Pdx1 insulinproducing genes, whi ch led to an increase in the expression of insulin-dependent genes such as Gck and Ptp1b. On the other hand, the expression of the Slc2a2 gene, which is related to the GLUT-2 transporter, was significantly reduced by increased insulin concentrations. Overall, it seems that the oligosaccharide could be an acceptable anti-diabetic agent, which acts by enhancing insulin production in the pancreatic islet cells in diabetic models.
